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ADAPTIVE ON-TIME CONTROL FOR
FOUR-SWITCH SWITCHING CONVERTER

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims the benefit of CN application
202010843629.8, filed on Aug. 20, 2020, and incorporated

herein by reference.

TECHNICAL FIELD

The present invention generally relates to electronic cir-
cuits, and more particularly but not exclusively, to switching
converter.

BACKGROUND

With the rapid development of consumer electronics
market, portable electronic products continue to be minia-
turized and lightweight. The smaller size of the products
makes the volume and capacity of the batteries decrease.
This requires that the conversion efliciency of the power
supply module be improved as much as possible to reduce
the power consumption and to provide a stable output
voltage over a wide range of battery voltage, to prolong the
battery life. Switching converters capable of operating over
a wide input range are widely used 1n such applications.

FIG. 1 1s a circuit schematic diagram of a traditional
four-switch switching converter. The switching converter
converts an mput voltage VIN to an output voltage Vo, and
the switching converter comprises switches S1~S4, an
inductor L and an output capacitor Co. When the switches
S1 and S3 are on and the switches S2 and S4 are off, the
inductor L stores energy. When the switches S1 and S3 are
ofl and the switches S2 and S4 are on, the energy stored by
the mductor L transfers to the load. Due to the continuous
operation of the four switches S1~S4, the power loss of the
traditional switching converter 1s large.

In order to reduce power consumption, diflerent operating
modes can be introduced, such as boost mode, buck mode,
and buck-boost mode. The buck-boost mode serves as a
transition between the boost mode and the buck mode, and
the switches S1~5S4 are turned on and ofl respectively by a
controller. However, design for the buck-boost mode 1is
complicated, which needs considering both efliciency and
safety.

SUMMARY

Embodiments of the present invention are directed a
control circuit for a switching converter. The switching
converter 1s configured to receive an input voltage and
provide an output voltage, and the switching converter
comprises a first switch, a second switch, a third switch and
a fourth switch. The control circuit comprises a set signal
generator and a switch control circuit. The set signal gen-
erator 1s configured to receive a reference signal and a
teedback signal representative of the output voltage, provide
a first set signal and a second set signal based on the
teedback signal and the reference signal. The switch control
circuit 1s configured to provide a first drive signal to control
the first switch and a second drive signal to control the
second switch based on the first set signal, and provide a
third drive signal to control the third switch and a fourth
drive signal to control the fourth switch based on the second
set signal. When the output voltage 1s larger than the input
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voltage, an on-time period of the third switch 1s adaptively
adjusted according to the input voltage, the output voltage
and a first parameter. When the output voltage 1s less than
the input voltage, the on-time period of the third switch 1s
adaptively adjusted according to the input voltage, the
output voltage and a second parameter, the second parameter
1s different from the first parameter.

Embodiments of the present invention are also directed to
a control method for a switching converter. The switching
converter 1s configured to receive an mput voltage and
provide an output voltage, and the switching converter
comprises a first switch, a second switch, a third switch and
a Tourth switch. The control method comprises providing a
first set signal to turn on the first switch based on a reference
signal and the output voltage. Providing a second set signal
to turn on the third switch based on the first set signal.
Generating a first on-time period based on the mput voltage
and the output voltage, and generating a second on-time
period based on the input voltage, the output voltage, a first
parameter, and a second parameter. Turning on the first
switch and turning off the second switch when an on-time
period of the first switch achieves the first on-time period,
and turning on the third switch and turning ofl the fourth
switch when an on-time period of the third switch achieves
the second on-time period.

Embodiments of the present invention are further directed
to a switching converter, comprising a {irst switch, a second
switch, an inductor, a third switch, a fourth switch and a
control circuit. The first switch has a first terminal, a second
terminal, and a control terminal, wherein the first terminal of
the first switch 1s configured to receive an input voltage. The
second switch has a first terminal, a second terminal, and a
control terminal, wherein the first terminal of the second
switch 1s coupled to the second terminal of the first switch,
the second terminal of the second switch i1s coupled to a
reference ground. The inductor has a first terminal and a
second terminal, wherein the first terminal of the inductor 1s
coupled to the second terminal of the first switch and the first
terminal of the second switch. The third switch has a first
terminal, a second terminal and a control terminal, wherein
the first terminal of the third switch 1s coupled to the second
terminal of the inductor, and the second terminal of the third
switch 1s coupled to the reference ground. The fourth switch
has a first terminal, a second terminal and a control terminal,
wherein the first terminal of the fourth switch 1s coupled to

the second terminal of the inductor and the first terminal of
the third switch, and the second terminal of the fourth switch
1s configured to provide an output voltage. The control
circuit 1s configured to provide a first drive signal to control
the first switch and a second drive signal to control the
second switch based on a first set signal, and provide a third
drive signal to control the third switch and a fourth drive
signal to control the fourth switch based on a second set
signal. When the output voltage 1s larger than the input
voltage, an on-time period of the third switch 1s adaptively
adjusted according to the input voltage, the output voltage
and a first parameter. When the output voltage 1s less than
the 1mput voltage, the on-time period of the third switch 1s
adaptively adjusted according to the input voltage, the
output voltage and a second parameter, the second parameter
1s different from the first parameter.

These and other features of the present mvention will be
readily apparent to persons of ordinary skill in the art upon
reading the entirety of this disclosure, which includes the
accompanying drawings and claims.
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BRIEF DESCRIPTION OF THE DRAWING

The present mvention can be further understood with
reference to the following detailed description and the
appended drawings, wherein like elements are provided with
like reference numerals.

FIG. 1 1s a circuit schematic diagram of a traditional
four-switch switching converter;

FIG. 2 1s a schematic block diagram of a switching
converter 200 1n accordance with an embodiment of the
present invention;

FIG. 3 1s a schematic block diagram of a switching
converter 200A 1n accordance with an embodiment of the
present mvention;

FIG. 4 1s a schematic block diagram of a switching
converter 200B 1 accordance with an embodiment of the
present mvention;

FI1G. 5 shows wavelorms of the switching converter 200A
shown 1n FIG. 3 1n accordance with an embodiment of the
present mvention;

FIG. 6 1s a flowchart of a control method 600 for a
switching converter in accordance with an embodiment of
the present invention; and

FIG. 7 1s a flowchart of a method 700 for generating the
second on-time period 1n accordance with an embodiment of
the present imvention.

DETAILED DESCRIPTION

Reference will now be made in detail to the preferred
embodiments of the mnvention, examples of which are 1llus-
trated 1n the accompanying drawings. While the invention
will be described 1n conjunction with the preferred embodi-
ments, 1t will be understood that they are not mtended to
limit the mvention to these embodiments. On the contrary,
the invention 1s intended to cover alternatives, modifications
and equivalents, which may be included within the spirit and
scope of the invention as defined by the appended claims.
Furthermore, in the following detailed description of the
present invention, numerous specific details are set forth 1n
order to provide a thorough understanding of the present
invention. However, 1t will be obvious to one of ordinary
skill 1n the art that the present imnvention may be practiced
without these specific details. In other instances, well-known
methods, procedures, components, and circuits have not
been described 1n detail so as not to unnecessarily obscure
aspects of the present ivention.

Reference to “one embodiment™, “an embodiment”, “an
example” or “examples” means: certam features, structures,
or characteristics are contained 1n at least one embodiment
of the present invention. These “one embodiment”, “an
embodiment”,

A S Y 4

an example” and “examples” are not neces-
sarily directed to the same embodiment or example. Fur-
thermore, the features, structures, or characteristics may be
combined 1n one or more embodiments or examples. In
addition, 1t should be noted that the drawings are provided
tfor 1llustration, and are not necessarily to scale. And when an
clement 1s described as “connected” or “coupled” to another
clement, 1t can be directly connected or coupled to the other
element, or there could exist one or more intermediate
elements. In contrast, when an element is referred to as
“directly connected” or “directly coupled” to another ele-
ment, there 1s no mtermediate element. When a signal 1s
described as “equal to” another signal, it 1s substantially
identical to the other signal.

FIG. 2 1s a schematic block diagram of a switching
converter 200 1 accordance with an embodiment of the
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present invention. The switching converter 200 comprises
switches S1~S4, an inductor L, an output capacitor Co, a
feedback circuit 21, and a controller 20. The controller 20
comprises a set signal generator 22 and a switch control
circuit 23. The switch S1 has a first end, a second end and
a control end, wherein the first end of the switch S1 receives
an 1mput voltage Vin. The switch S2 has a first end, a second
end and a control end, wherein the first end of the switch S2
1s coupled to the second end of the switch S1, and the second
end of the switch S2 1s connected to a reference ground. The
inductor L has a first end and a second end, wherein the first
end of the mductor L1 1s coupled to the second end of the
switch S1 and the first end of the switch S2. The switch S3
has a first end, a second end and a control end, wherein the
first end of the switch S3 1s coupled to the second end of the
inductor L, and the second end of the switch S3 1s connected
to the reference ground. The switch S4 has a first end, a
second end and a control end, wherein the first end of the
switch S4 1s coupled to the second end of the inductor L and
the first end of the switch S3, and the second end of the
switch S4 provides the output voltage Vo. The output
capacitor Co 1s coupled between the second end of the
switch S4 and the reference ground. The switches S1~S4 can
be any type of controllable semiconductor switching
devices, such as metal oxide semiconductor field-eflect
switches (MOSFET), insulated gate bipolar switches
(IGBT), etc.

The feedback circuit 21 generates a feedback signal FB
representing the output voltage Vo. The feedback circuit 21
May comprise, for example, a resistor divider, a differential
sampling circuit, etc. The set signal generator 22 recerves the
teedback signal FB and a reference signal Ref. The set signal
generator 22 generates a first set signal Setl according to the
teedback signal FB and the reference signal Ref to turn on
the switch S1. The set signal generator 22 further generates
the set signal Set2 according to the set signal Setl to turn on
the switch S3. When the switching converter 200 works 1n
the buck-boost mode, the controller 20 controls an on-time
period of the switch S1 according to the mput voltage Vin
and the output voltage Vo, and controls an on-time period of
the switch S3 according to the mput voltage Vin, the output
voltage Vo, a parameter K1 and a parameter K2. When the
output voltage Vo 1s larger than the input voltage Vin, the
controller 20 controls the on-time period of the switch S3
according to the input voltage Vin, the output voltage Vo and
the parameter K1. And when the output voltage Vo 1s less
than the mnput voltage Vin, the controller 20 controls the
on-time period of the switch S3 according to the mput
voltage Vin, the output voltage Vo and the parameter K2.

In one embodiment, the switch control circuit 23 1s
coupled to the set signal generator 22 to receive the set
signal SET1 and the set signal SE'T2. And based on the set
signal SE'T1, the set signal SE'T2, the input voltage Vin, the
output Voltage Vo, the parameter K1, and the parameter K2,
the switch control circuit 23 1s configured to provide a
driving signal Drl to control the switch S1, a driving signal
Dr2 to control the switch S2, a dniving signal Dr3 to control
the switch S3, and a driving signal Dr4 to control the switch
S4.

FIG. 3 1s a schematic block diagram of a switching
converter 200A 1n accordance with an embodiment of the
present invention. The switching converter 200A comprises
a set signal generator 22A. As shown in FIG. 3, the set signal
generator 22A comprises an error amplifier 221 and a
comparator 222. The error amplifier 221 comprises a {first
input terminal configured to recerve the reference signal Ret,
a second mput terminal configured to receive the feedback
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signal FB, and an output terminal. The output terminal of the
error amplifier 221 1s configured to provide an error com-

pensation signal Comp according to a difference between the
reference signal Ref and the feedback signal FB (Ref-FB).
In one example as shown 1n FIG. 3, a compensation network
comprising a resistor and a capacitor 1s arranged between the
output terminal of the error amplifier 221 and the reference
ground. The comparator 222 comprises a non-inverting
terminal, an mverting terminal, and an output terminal. The
non-inverting terminal of the comparator 222 1s coupled to
the output terminal of the error amplifier 221 to receive the
error compensation signal Comp. The mverting terminal of
the comparator 222 receives a current sense signal Isen
indicating a current flowing through the iductor L. The
output terminal of the comparator 222 provides the set signal
SE'T1 via comparing the error compensation signal Comp
with the current sense signal Isen. In the example shown in
FIG. 3, the set signal generator 22A further comprises a
delay circuit 223. The delay circuit 223 delays the set signal
SE'T1 by a preset time period tdl to generate the set signal
SET2. In the example shown i FIG. 3, the switching
converter 200A further comprises a current sense circuit 24.
The current sense circuit 24 provides the current sense signal
Isen according to the current flowing through the inductor L.
The current sense can be done by means of a sampling
resistor, a current transformer or a current mirror. Further,
the current sense circuit 24 can also estimate the current
flowing through the inductor L. by sampling each current
flowing through a corresponding one of the switches S1~S4.

In one embodiment, the switch control circuit 23 com-
prises a RS flip-tlop 231, an on-time control circuit 232, a
driver 233, a RS tlip-flop 234, an on-time control circuit 235,
and a driver 236. The RS flip-tlop 231 has s set terminal S,
a reset terminal R, and an output terminal Q. The set terminal
S of the RS tlip-flop 231 recerves the set signal SET1, the
reset terminal R of the RS flip-flop 231 receives an on-time
control signal ON1, and the output terminal Q of the RS
tlip-flop 231 provides a control signal Ctl based on the set
signal SE'T1 and the on-time control signal ON1. In one
embodiment, when the current sense signal Isen 1s less than
the error compensation signal Comp, the set signal SET1 1s
active to turn on the switch S1 and turn off the switch S2 via
the control signal Ctl. In one embodiment, the on-time
control circuit 232 provides the on-time control signal ON1
to control the on-time period of the switch S1 within one
switching period equals a time period Tonl. In one embodi-
ment, the on-time control circuit 232 obtains the time period
Tonl based on the mput voltage Vin and the output voltage
Vo. For example, 1t can be obtained by the following formula

(D).

_ Vo
Tonl = Tperiod + —
Vin

(1)

Where the Tperiod represents the switching period.

The RS tlip-tflop 234 has s set terminal S, a reset terminal
R, and an output terminal Q). The set terminal S of the RS
tlip-flop 234 receives the set signal SET2, the reset terminal
R of the RS flip-flop 234 receives an on-time control signal
ON2, and the output terminal Q of the RS thp-flop 234
provides a control signal Ct2 based on the set signal SET2
and the on-time control signal ON2. In one embodiment,
when the current sense signal Isen 1s less than the error
compensation signal Comp, after the preset time period tdl,
the set signal SE'T2 1s active to turn on the switch S3 and turn
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ofl the switch S4 via the control signal Ct2. In one embodi-
ment, the on-time control circuit 235 provides the on-time
control signal ON2 to control the on-time period of the
switch S3 within one switching period equals a time period
Ton2. In one embodiment, the on-time control circuit 235
obtains the time period Ton2 based on the mput voltage Vin,
the output voltage Vo, the parameter K1, and the parameter
K2. For example, 1t can be obtained by the following

formula (2).

1 Vo , _ (2)
TGHQ:TEJ&5€+K1-(V—_ —1) 1if Vo= Vin
in

.{

Vo
Ton2 = Thase — K2-(1 — V—_) 1f Vo < Vin
\ in

Where Thase 1s a preset basic time period, e.g., 400 ns.

In one embodiment, when the output voltage Vo 1s larger
than or equal to the mput voltage Vin, the time period Ton2
equals the preset basic time period Thase adding a first time
threshold. The first time threshold 1s generated based on the
input voltage Vin, the output voltage Vo, and the parameter
K1, e.g., the first time threshold equals K1(Vo-Vin)/Vin. In
one embodiment, when the output voltage Vo 1s less than the
input voltage Vin, the time period Ton2 equals the preset
basic time period Thbase subtracting a second time threshold.
The second time threshold 1s generated based on the nput
voltage Vin, the output voltage Vo, and the parameter K2,
¢.g., the second time threshold equals K2(Vin-Vo)/Vin. In
one example, the parameter K1 and the parameter K2 are
different with each other. The on-time period of the switch
S3 1s dynamically adjusted based on the output voltage Vo,
the 1input voltage Vin, the parameter K1, and the parameter
K2, thus the circuit design 1s easier. It can not only meet the
safety requirements, smooth transition to the boost mode or
buck mode, but also can have a smaller ripple, and higher
elliciency.

In one embodiment, the driver 233 provides the drive
signals Drl and Dr2 based on the control signal Ctl to
control the switches S1 and S2 respectively. Drive signals
Drl and Dr2 are complementary with each other. In order to
avoild shoot-through between the switches S1 and S2, the
driver 233 further introduces a dead time between the drive
signals Drl and Dr2.

In one embodiment, the driver 236 provides the dnive
signals Dr3 and Dr4 based on the control signal Ct2 to
control the switches S3 and S4 respectively. Drive signals
Dr3 and Dr4 are complementary with each other. In order to
avoild shoot-through between the switches S3 and S4, the
driver 236 further introduces the dead time between the
drive signals Dr3 and Dr4.

One with an ordinary skill 1in the art should know that the
specific circuit structure of the switch control circuit 23 1s
not limited by FIG. 3.

FIG. 4 1s a schematic block diagram of a switching
converter 200B 1n accordance with an embodiment of the
present invention. In the switching converter 200B, the set
signal generator 22B comprises a comparator 224. The
comparator 224 comprises a non-inverting terminal, an
inverting terminal and an output terminal. The non-inverting
terminal of the comparator 224 receives the reference signal
Ref, the inverting terminal of the comparator 224 receives
the feedback signal FB, and the output terminal of the
comparator 224 provides the set signal SET1 via comparing
the feedback signal FB with the reference signal Ref. Similar
to the switching converter 200A shown i FIG. 3, the set
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signal generator 22B further comprises the delay circuit 223,
which generates the set signal SET2 by delaying the set
signal SE'T1 the preset time period tdl.

FIG. 5 shows waveforms of the switching converter 200A
shown 1n FIG. 3 1n accordance with an embodiment of the
present invention. From top to bottom are the current sense
signal Isen, the set signal SET1, the control signal Ctl, the
set signal SET2, and the control signal Ct2. At time t1, the
current sense signal decreases to less than the error com-
pensation signal Comp, the set signal SET1 becomes at a
high voltage level, the control signal Ctl 1s set to be active,
¢.g., becomes at the high voltage level, the switch S1 1s
turned ON, and the switch S2 1s turned OFF. After the preset
time period tdl, at time t2, the set signal SET2 becomes at
the high voltage level, the control signal Ct2 1s set to be
active, e.g., becomes at the high voltage level, the switch S3
1s turned ON, and the switch S4 1s turned OFF. At time (3,
the on-time period of the switch S3 achieves the time period
Ton2, the control signal Ct2 1s reset, e.g., becomes at a low
voltage level, the switch S3 1s turned OFF, and the switch S4
1s turned ON. At time t4, the on-time period of the switch S1
achieves the time period Tonl, the control signal Ct1 1s reset,
¢.g., becomes at the low voltage level, the switch S1 1s
turned OFF and the switch S2 1s turned ON.

FIG. 6 1s a flowchart of a control method 600 for a
switching converter in accordance with an embodiment of
the present invention. The switching converter converts the
input voltage to the output voltage. The switching converter
comprises a first switch, a second switch, a third switch, a
fourth switch, and an inductor. The control method 600
comprises steps S11-S16.

At the step S11, providing a first set signal to turn on the
first switch based on a reference signal and a feedback signal
representative of the output voltage.

At the step S12, providing a second set signal to turn on
the third switch based on the first set signal.

At the step S13, providing a first on-time period based on
the mput voltage and the output voltage.

At the step S14, monitoring an on-time period of the first
switch, and 11 the on-time period of the first switch achieves
the first on-time period, then turning off the first switch and
turning on the second switch.

At the step S15, providing a second on-time period based
on the output voltage, the mput voltage, a first parameter,
and a second parameter.

At the step S16, monitoring an on-time period of the third
switch, and if the on-time period of the third switch achieves
the second on-time period, then turning off the third switch
and turning on the fourth switch.

FI1G. 7 1s a flowchart of a method 700 for generating the
second on-time period in accordance with an embodiment of
the present invention. The method 700 comprises steps
S21-23.

At the step S21, providing a first time threshold based on
the mput voltage, and the output voltage and the first
parameter, and providing a second time threshold based on
the input voltage, the output voltage and the second param-
eter.

At the step S22, when the output voltage 1s larger than the
input voltage, the second on-time period equals a sum of a
basic time period and the first time threshold.

At the step S23, when the output voltage 1s less than the
input voltage, the second on-time period equals a diflerence
between the basic time period and the second time threshold.

Note that in the flowchart described above, the functions
indicated 1n the boxes can also occur 1n a different order than
those shown 1n the FIG. 6 and FIG. 7. Fox example, two
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boxes presented one after another can actually be executed
essentially at the same time, or sometimes 1n reverse order,
depending on the specific functionality mvolved.
Obviously many modifications and variations of the pres-
ent invention are possible 1n light of the above teachings. It
1s therefore to be understood that within the scope of the
appended claims the invention may be practiced otherwise
than as specifically described. It should be understood, of
course, the foregoing disclosure relates only to a preferred
embodiment (or embodiments) of the mmvention and that
numerous modifications may be made therein without
departing from the spirit and the scope of the invention as set
forth 1n the appended claims. Various modifications are
contemplated and they obviously will be resorted to by those
skilled 1n the art without departing from the spirit and the
scope of the invention as heremafter defined by the

appended claims as only a preferred embodiment(s) thereof
has been disclosed.

What 1s claimed 1s:

1. A control circuit for a switching converter, wherein the
switching converter 1s configured to recerve an input voltage
and provide an output voltage, and the switching converter
having a first switch, a second switch, a third switch and a
fourth switch, the control circuit comprising:

a set signal generator, configured to receive a reference
signal and a feedback signal representative of the
output voltage, the set signal generator 1s configured to
provide a first set signal and a second set signal based
on the feedback signal and the reference signal; and

a switch control circuit, configured to provide a first drive
signal to control the first switch and a second dnive
signal to control the second switch based on the first set
signal, and configured to provide a third drive signal to
control the third switch and a fourth drive signal to
control the fourth switch based on the second set signal;

wherein when the output voltage 1s larger than the mput
voltage, an on-time period of the third switch 1s adap-
tively adjusted according to the input voltage, the
output voltage and a first parameter, such that the
on-time period of the third switch increases as a dif-
ference between the output voltage and the mput volt-
age 1ncreases; and wherein

when the output voltage is less than the mput voltage, the
on-time period of the third switch 1s adaptively adjusted
according to the input voltage, the output voltage and
a second parameter, the second parameter 1s different
from the first parameter, such that the on-time period of
the third switch decreases as the difference between the
input voltage and the output voltage increases.

2. The control circuit of claim 1, wherein the switch

control circuit further comprises:

a first on-time control circuit, configured to control an
on-time period of the first switch based on the input
voltage and the output voltage; and

a second on-time control circuit, configured to control the
on-time period of the third switch based on the input
voltage, the output voltage, the first parameter and the
second parameter.

3. The control circuit of claim 1, wherein the set signal
generator 15 configured to provide the second set signal by
delaying the first set signal a preset time period.

4. The control circuit of claim 1, wherein:

when the output voltage 1s larger than the mput voltage,
the on-time period of the third switch equals a basic
time period adding a first time threshold; and
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when the output voltage 1s less than the mnput voltage, the
on-time period of the third switch equals the basic time
period subtracting a second time threshold.

5. The control circuit of claim 4, wherein the first time

threshold 1s generated according to the mput voltage, the
output voltage and the first parameter, and the second time
threshold 1s generated according to the input voltage, the

output voltage and the second parameter.

6. The control circuit of claam 1, wherein the switch

control circuit further comprises:

a first on-time control circuit, configured to provide a first
on-time control signal based on the input voltage and
the output voltage to control an on-time period of the
first switch;

a second on-time control circuit, configured to provide a
second on-time control signal based on the 1mput volt-
age, the output voltage, the first parameter and the
second parameter to control the on-time period of the
third switch;

a first driver, configured to provide the first drive signal to
control the first switch, and the second drive signal to
control a second switch based on the first set signal and
the first on-time control signal; and

a second driver, configured to provide the third drive
signal to control the third switch and the fourth drive
signal to control the fourth switch based on the second
set signal and the second on-time control signal.

7. The control circuit of claim 1, wherein the set signal

generator further comprises:

a comparator, having a first input terminal, a second input
terminal and an output terminal, wherein the first input
terminal 1s configured to receive the reference signal,
the second iput terminal 1s configured to receive the
feedback signal, and the output terminal 1s configured
to provide the first set signal via comparing the feed-
back signal with the reference signal.

8. The control circuit of claim 1, wherein the set signal

generator further comprises:

an error amplifier, having a first input terminal, a second
input terminal and an output terminal, wherein the first
input terminal of the error amplifier 1s configured to
receive the reference signal, the second input terminal
of the error amplifier 1s configured to receive the
feedback signal, and the output terminal of the error
amplifier 1s configured to provide an error compensa-
tion signal based on a difference between the reference
signal and the feedback signal; and

a comparator, having a first input terminal, a second input
terminal and an output terminal, wherein the first input
terminal of the comparator 1s coupled to the output
terminal of the error amplifier to receive the error
compensation signal, the second input terminal of the
comparator 1s configured to receive a current sense
signal representative of a current flowing through the
switching converter, and the output terminal of the
comparator 1s configured to provide the first set signal
via comparing the current sense signal with the error
compensation signal.

9. A control method for a switching converter, wherein the

switching converter 1s configured to receive an input voltage
and provide an output voltage, and the switching converter
having a first switch, a second switch, a third switch and a

fourth switch, the control method comprising:

providing a {irst set signal to turn on the first switch based

on a reference signal and the output voltage;

providing a second set signal to turn on the third switch

based on the first set signal;
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generating a first on-time period based on the input
voltage and the output voltage;

generating a second on-time period based on the input
voltage, the output voltage, a first parameter, and a
second parameter;

turning on the first switch and turning off the second
switch when an on-time period of the first switch
achieves the first on-time period;

turning on the third switch and turning off the fourth
switch when an on-time period of the third switch
achieves the second on-time period;

increasing the on-time period of the third switch as a
difference between the output voltage and the nput
voltage increases when the output voltage 1s larger than
the input voltage; and

decreasing the on-time period of the third switch as the
difference between the mput voltage and the output
voltage increases when the output voltage 1s less than
the input voltage.

10. The control method of claim 9, further comprising:

providing the second set signal by delaying the first set
signal a preset time period.

11. The control method of claim 9, wherein:

when the output voltage 1s larger than the mput voltage,
the second on-time period equals a basic time period
adding a first time threshold; and

the first time threshold 1s generated based on the input

voltage, the output voltage, and the first parameter.

12. The control method of claim 9, wherein:

when the output voltage is less than the mput voltage, the
second on-time period equals the basic time period
subtracting a second time threshold; and

the second time threshold 1s generated based on the mput
voltage, the output voltage, and the second parameter.

13. A switching converter, comprising:

a first switch, having a first end, a second end, and a
control end, wherein the first end of the first switch 1s
configured to receive an mput voltage;

a second switch, having a first end, a second end, and a
control end, wherein the first end of the second switch
1s coupled to the second end of the first switch, the
second end of the second switch 1s coupled to a
reference ground;

an mductor, having a first end and a second end, wherein
the first end of the inductor 1s coupled to the second end
of the first switch and the first end of the second switch;

a third switch, having a first end, a second end and a
control end, wherein the first end of the third switch 1s
coupled to the second end of the inductor, and the
second end of the third switch i1s coupled to the refer-
ence ground;

a fourth switch, having a first end, a second end and a
control end, wherein the first end of the fourth switch
1s coupled to the second end of the inductor and the first
end of the third switch, and the second end of the fourth
switch 1s configured to provide an output voltage; and

a control circuit, configured to provide a first drive signal
to control the first switch and a second drive signal to
control the second switch based on a first set signal, and
provide a third drive signal to control the third switch
and a fourth drive signal to control the fourth switch
based on a second set signal; wherein

when the output voltage 1s larger than the mput voltage,
an on-time period of the third switch 1s adaptively
adjusted according to the input voltage, the output
voltage and a first parameter, such that the on-time
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period of the third switch increases as a difference 1s generated according to the mput voltage, the output
between the output voltage and the input voltage voltage and the second parameter.
increases; and wherein 16. The switching converter of claam 13, wherein the

control circuit further comprises:
a set signal generator, configured to receive a reference
signal and a feedback signal representative of the
output voltage, the set signal generator 1s configured to

when the output voltage 1s less than the input voltage, the
on-time period of the third switch 1s adaptively adjusted >
according to the input voltage, the output voltage and

4 gecond.parameterj such that the_ Qﬂ'ﬁme period of the provide the first set signal based on the feedback signal
third switch decreases as the diflerence between the and the reference signal, and the set signal generator is
put voltage and the output voltage increases, the configured to provide the second set signal by delaying,
second parameter 1s diflerent from the first parameter. 10 the first set signal a preset time period.
14. The switching converter of claim 13, wherein when 17. The switching converter of claam 13, wherein the
the output voltage 1s larger than the input voltage, the control circuit further comprises:
on-time period of the third switch equals a basic time period a first on-time control circuit, configured to control an
adding a first time threshold, the first time threshold 1s . on-time period of the first switch based on the mput
generated according to the input voltage, the output voltage voltage and the output voltage; and
and the first parameter. a second on-time control circuit, configured to control the

on-time period of the third switch based on the mput
voltage, the output voltage, the first parameter and the
second parameter.

15. The switching converter of claim 13, wherein when
the output voltage 1s less than the input voltage, the on-time

period of the third switch equals a basic time period sub-
tracting a second time threshold, the second time threshold 0% % % %
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